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The Capacity of Retracting a Collagen Matrix Is Lost by 
Dermatosparactic Skin Fibroblast~ 
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LaboratOI)' of Experimental Dermatology, Tour de Pathologie, University of Liege, Sart Tilman, Belgium 
When cultivated within a matrix made of reconsti-
tuted collagen fibers, fibroblasts derived from skin, ten-
don, vena cava, and aorta of a normal (N) calf retract 
the lattice. This effect progresses with time and is re-
lated to the density of the cells included in the lattice. 
Under similar conditions, fibroblasts derived from the 
skin of 2 dermatosparactic (D) calves do not contract 
the lattice. Fibroblasts from D tendon and cells from D 
vena cava and aorta contract the lattice at the same rate 
and to the same extent as do their normal counterparts. 
In the lattice, N skin fibroblasts are elongated along the 
collagen fibers while D skin fibroblasts remain round 
and develop little cell processes. N skin fibroblasts do 
not multiply in the lattice while D skin fibroblasts in-
crease in number by a factor of 3 in 5 days. The addition 
of N skin fibroblasts, in an amount insufficient to retract 
the lattice, to D skin fibroblasts does not correct their 
defective capacity. It is suggested that the disturbed 
relationship between the D skin fibroblasts and collagen 
fibers is responsible for the lack of architectural orga-
nization of the bundles of collagen polymers in the D 
skin. 
Dermatosparaxis is a heritable disorder of cattle character-
ized by the accumulation of collagen precursors in various 
connective tissues [1). It results from the lack of specific 
endopeptidase activity responsible for t he excision of the amino 
terminal precursor sequence from type I procollagen [2). In 
homozygous dermatosparactic (D) calf, t h e dermis is most 
affected, extremely fragile, a nd death occurs by infection of 
extensive wounds [3]. To a much lesser extent various other 
tissues are affected such as bone [4], blood vessels, and tendon 
[1]. As seen by electron microscopy of the dermis [5) the 
collagen fibers are strikingly abnormal and composed of ribbons 
of cross-striated collagen polymers instead of the classical 
cylindrical organization. This altered architecture is related to 
the steric hindrance introduced by the presence of 150 amino 
acids-long precursor sequence [6). A second ultrastructural 
a lteratio n is a lso obvious and manifested by a significant lack 
of parallel arrangement of the polymeric collagen in bundles 
[7). 
It h as been recently demonstrated that normal (N)skin fi-
broblasts cultivated within a gel of reconstituted collagen fibrils 
rapidly stop multiplying and contract their collagen support 
[8]. The rate of contraction is proportional to the density of 
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the cells in the gel and inversely related to the concentration 
of collagen. We have used this test to investigate the functional 
capacity of the D skin fibroblasts by comparison of this activity 
in cells derived from N calf connective tissues. We have ob-
served that D skin fibroblasts fail to contract the collagen 
lattice while strains of cells derived from other connective 
tissues collected from D and N calf display it to a large extent. 
MATERIALS AND METHODS 
Fibroblast Cultures 
The cultures were initiated by cell outgrowth from explants of 
connective t issues collected from the reticular dermis , tendon, vena 
cava, and aorta of 2 D and 1 N calves aged 1-2 weeks. The N calf was 
of the same strain (White and Blue Belgian) [3] as the D animals. The 
diagnosis of dermatosparaxis was assessed clinically by the fragility of 
the skin and biochemically by the identification of collagen precursors. 
The primary cultures were grown in Dulbecco's modified minimum 
Eagle's medium (DMEM) supplemented with 10% fetal calf serum 
(FCS), glutamine (292 mg/ L), sodium bicarbonate (2.1 g/L), ascorbic 
acid (50 mg/L) , penicillin (100 U/ ml) , and streptomycin (100 U/ml). 
Subconf1uent cells were brief1y treated by a 0.25% (w/v) trypsin solu-
t ion and propagated in the above medium. Cultures at passages from 5 
to 7 were frozen and kept in liquid nitrogen. 
Preparation of Sterile Collagen 
After sequential extraction of fetal calf dermis by 0.15 M NaCl at 
neutral pH and 0.1 M acetic acid, the residual dermis was subjected to 
pepsin digestion (1:100 w/ w) at 4°C, pH 3.5. The solubilized collagen 
type I was purified as previously described [9] and kept frozen at -20oC 
at a concentration of 2 mg/ ml in 0.1 M acetic acid. Prior to use, a 
known aliquot of the solu tion was neutralized by 1 M Tris solution and 
brought to 70% ethanol. The precipitated collagen was washed twice 
with 70% ethanol, stored in 70% ethanol in the cold for 18 h, and 
lyophi lized. 
Preparation of the Collagen Matrix Containing Fibroblasts 
Subcultures of fibroblasts were propagated in the above-mentioned 
medium and used just before reaching confluency. The cells were briefly 
treated by a 0.25% trypsin solution, washed twice with medium, 
counted, and diluted to the desired concentration. The lyophilized 
steri le collagen was dissolved in the cold at a concentration of 1 mg/ 
ml by adding sterile 1% acetic acid and shaking overnight. Matrices 
were prepared in bacteriologic plastic dishes [8], 5 em in diameter, 
containing a final volume of 3 ml made by adding in the following 
order: 1.85 ml of a 2.5x concentrated DMEM, 0.45 ml of FCS, 0.45 ml 
of distilled water, 0.25 ml of sterile 0.1 M NaOH. After pouring in the 
disk and mixing at 4 oc , the medium was brought to 37°C, 1.5 ml of 
cold solution of collagen was added, mixed, and the suspension of cells 
(0.5 ml) immediately added and mixed. The gel formed in less than 1 
min. Incubation was continued at 37oc · under an atmosphere of 95% 
air and 5% C02. A part of the culture medium was changed twice a 
week. The volume was determined by the amount that could be col-
lected from the lattices displaying the least retraction. A similar volume 
was changed in all the dishes of the test. 
Measurements and Observations 
The diameter of the gel was measured every day until completion of 
the experiment by placing the dish on a black background bearing a 
ruler in centimeters and examination under lateral light. The aspect of 
the cells was observed by phase contrast microscopy on an inverted 
microscope. The viability of the cells in the lattice was ascertained by 
incorporation of neutral red and calculation of the proportion of cells 
taking up the dye. The number of cells was measured by counting in a 
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Thoma cell directly or after digestion of the matrix by bacterial colla-
genase. The number of cells in the lattices during and after completion 
of the experiment was also measured by their DNA content using a 
fluorimetric technique [10] . 
RESULTS 
N calf skin fibroblasts at the density of 2, 3, and 4 X 105 cells 
per dish contracted the collagen lattice at a rate proportional 
to the density of the cells (Fig 1a) . D calf skin fibroblasts at 
the same density did not significantly modify the diameter of 
the gel even after 9 days when the reduction in the initial 
diameter of the lattice containing the N cells was from 80% to 
90%. When the lattice was formed by polymerizing collagen at 
half the previous concentration (Fig 1b) the rate of retraction 
was increased for the N cells and remained almost null for the 
D skin fibroblasts. The dermal fibroblasts from the 2 different 
D calves used in this study behaved similarly. When seeded in 
a lattice at a higher density (8 X 105 cells), D skin fibroblasts 
contracted the lattice very slowly to achieve a 50% reduction 
in diameter in 10 days (data not shown). 
Upon incubation with neutral red, the proportion of cells 
taking up the dye was 100% on day 1, 90% on day 3, and 80% 
on day 6 in both N and D skin fibroblasts. As opposed to N 
skin fibroblasts, which did not multiply to a significant extent 
within 6 days, the D skin fibroblasts increased significantly in 
number. Either by counting the number of cells after collagen-
ase digestion of the lattice or by measuring its DNA content, 
the multiplication factor was 3 for D cells as compared to their 
number at day 1. 
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The shape of the N and D cells in the matrices differed 
markedly. After 24 h of culture, N cells (Fig 2a) displayed 
elongated processes while the D cells were round (Fig 2b). The 
contraction of the lattice with time by the N skin fibroblasts 
resulted in the formation of increased contacts through cells 
processes, while in the D cultures only very thin cytoplasmic 
extensions surrounded the cells. 
Cells grown from N and D tendon (Fig 3a), vena cava (Fig 
3b), and aorta (not illustrated) were similarly seeded in lattices. 
There was no significant difference in behavior between N and 
D cells that retracted the collagen lattice at each tested cell 
density. As compared to N skin fibroblasts, the initial rate of 
contraction of the lattice was higher in vein- and aorta-derived 
cells but the final contraction was to a lesser extent. 
An increasing number of N skin fibroblasts (from 10,000 to 
100,000) mixed with decreasing numbers of D skin fibroblasts 
(from 390,000 to 300,000) to attain a constant number of 4 X 
105 cells were included in lattices. Lattices containing 400,000 
D skin fibroblasts alone or 10,000- 100,000 N skin fibroblasts 
alone were also prepared. A very slow and small retraction to a 
similar extent (5 %) was observed only in the cultures contain-
ing 100,000 N skin fibroblasts alone or mixed with the D cells 
(not illustrated). 
DISCUSSION 
Our observations demonstrate that D skin fibroblasts lack 
the capacity of contracting a collagen lattice in which they are 
included. This property is expressed by N skin fibroblasts and 
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FIG 1. Retraction of a collagen lattice 
by dermal fibroblasts. a, Evolution of the 
diameter (mm) of a lattice at 0.38 mg of 
collagen per ml containing increasing 
numbers of skin fibroblasts from nor-
mal (.__. = 2.105; --.. = 3.105; 
•--• = 4.105 cells) and dermatospar-
actic (0· · · · ·0 = 2.105 ; D· · · · ·D = 3.105; 
t;,. . .... t;,. = 4.105 cells) calves as a func-
tion of time in culture (days). b, Similar 
observations as in (a) performed using a 
lattice at 0.19 mg of collagen per rnl 
(symbols as in a). 
FIG. 2. Phase contrast microscopy of 
skin fibroblasts within a collagen lattice 
24 h after plating. a, Normal skin fibro-
blasts. Many cells (arrowheads) are elon-
gated and display processes in contact 
with the collagen fibers (bar = 50 !lm). 
b, Dermatosparactic-skin fibroblasts. 
Most of the cells (arrowheads) are 
rounded and do not seem to establish 
contacts with the surrounding matrix 
(bar= 50 !lm). The apparent higher cell 
density and the heterogeneous aspect of 
the collagen lattice containing normal 
cells as compared to that containing der-
matosparactic skin fibroblasts is related 
to the contraction of the collagen lattice 
in the former (60% of the initial diame-
ter) and not in the latter. Most cells are 
out of focus due to the thickness of the 
lattice. 
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FIG. 3. Contraction of a collagen lat-
tice by cells isolated from tendon and 
veins. a, Diameter (mm) of lattices at 
0. 19 mg of collagen per ml containing 2 
different amounts of tendon fibroblasts 
from normal (.___. = 2.105 cells and 
J;.--A = 4.105 cells) and dermatospar-
actic calf (0·. -0 = 2.105 cells and t::, . .. 
. . t::, = 4.105 cells). b, Similar observa-
tions as in (a) performed on cells isolated 
from normal and dermatosparactic veins 
(symbols as in a). 
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a variety of fibroblast-like cells collected from various other 
connective t issues including t hose from D animals. In derma-
tosparaxis the structure of t he collagen bundles is most dis-
t urbed in skin and much less so in other connective t issues 
such as tendon and blood vessels. The defective capacity of D 
skin fibroblasts to retract t he lattice has to be correlated with 
this lack of organization of t he collagen polyrilerS"into bundles. 
It suggests t hat in vivo as well as in vitro mechanical properties 
of t he cells synthesizing t he connective tissue macromolecules 
are involved in t he architectural organization of t he collagen 
framework. This property should be considered among t he 
physiologic phenotypic characters of the cells from t he soft 
connective t issues. A somewhat similar situation occurs in 
cartilage. The capacity to contract a collagen lattice is not 
expressed by chondrocytes [11], differentiated mesenchymal 
cells derived from a t issue in which the collagen fibers are not 
organized in bundles. This property is, however, recovered when 
chondrocytes are dedifferentiated by exogeneous influences 
transforming t hem into fibroblast-like cells [12). 
The difference in t he expression of t he defective capacity of 
contracting t he lattice as a function of t he source of t he mes-
enchymal cells from homozygous defective calves could be 
correlated with a similar difference in the conversion of collagen 
precursors in t he t issues. In our D calves t he proportion of type 
I collagen in t he form of precursor [1) has always been high 
(50-90%) in skin and lower in various other connective t issues 
such as tendon (5%), vena cava (8%), and aorta (5 %). Differ-
ences in the extent of expression of a pathologic phenotype 
have been observed in other heritable disorders of the connec-
tive tissue as for example in Ehlers-Danlos type VI. The reduc-
tion of lysyl hydroxylation is almost complete in skin and fascia 
while it is much lower in cart ilage and bone [13). The reason 
why such differences occur is hypothetical. It could depend on 
a mutation affecting 1 isomer of an enzyme active in some 
tissues and not in others; it might be related to t he reduced 
efficiency and/or amount of a single enzyme or cofactors in 
cells displaying different rates of biosynthetic activity or to 
other causes. 
We have observed a striking relationship between the shape 
of the cells and their capacity to contract t he collagen lattice. 
All active cells are elongated and their processes are oriented 
along the collagen fibrils of t he lattice. This aspect is somewhat 
similar to that observed in their natural habitat. The D skin 
fibroblasts remain round and display very thin cytoplasmic 
processes even after a long incubation. Their potential to 
interact with t he collagen network seems to be defective. When 
cultured in monolayer on cell culture plastic dishes t he D skin 
fibroblasts adhere and multiply as well as do fibroblasts from 
mm 
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N skin . In t he logarithmic phase of growth both types of cells 
display t he elongated and classical fibroblastic shape. T he D 
skin fibroblasts, however, change to an epithelioid aspect after 
reaching confluency (unpublished information) . A similar re-
lationship between a reduced capacity to contract t he lattice 
and an altered morphology in lattice and in monolayer has 
been observed in epidermolysis bullosa dystrophica recessive 
fibrob lasts [14). Attachment of fibroblasts to their support is 
required for survival and multiplication. It is mediated by the 
secretion of a matrix containing, besides other components, 
collagen and fibronectin' [15). What seems to be disturbed is 
the binding of t he cell membrane to specific component(s) of 
t he matrix, fibronectin [16], or collagen [17], for example. 
When seeded in a collagen lattice, fibrob lasts stop dividing 
after a short period of time [18). Within a similar matrix the 
D skin fibroblasts rapidly divide alt hough t hey are immobilized 
within t he meshwork of t he reconstituted collagen fibers. Dif-
ferent iated chondrocytes also multiply in collagen lattices 
[11]. Considered together wit h t he lack of retractile property 
and t he absence of adhesion of the cell membrane to the fibers, 
t he persistence of cell division might indicate a defective control 
mechanism of t he cell proliferation through membrane-me-
diated signals. 
Two different hypotheses are proposed to explain t he pleio-
typic expression of t he mutation t ransmitted as an autosomal 
recessive trait observed in our D skin fibroblasts. The first 
hypothesis would relate t he observed alterations to a mutation 
affecting t he primary structure of procollagen peptidase. T his 
hypothesis, however, is barely acceptable since it is known t hat 
fibroblasts in cul ture secrete collagen in the form of precursors 
t hat are little processed or, when processed, accumulate in t he 
form of pN-precursors [19]. The processing of procollagen by 
normal fibroblasts in t he lattice is limited and it also involves 
t he excision of t he C-terminal extension (unpublished infor-
mation). An indirect argument against t his hypothesis can also 
be found in t he lack of recovery of the contractile property of 
t he D skin fibroblasts cocult ivated with a low number of N 
fibroblasts that are known to produce active procollagen pep-
t idase [19]. 
The alternative hypothesis would rely on a defective meta-
bolic pathway affecting indirectly the activity of procollagen 
peptidase and other spec ific proteins. In dermatosparaxis t he 
pN-a2 (I) polypeptide bears a mannose-containing oligosac-
charide chain (unpublished informat ion). The aminopropep-
tides of procollagen type . I produced by N skin fibroblasts in 
culture do not contain such an oligosaccharide [20]. This dif-
ference could be explained by a defective intracellular process-
ing of t he oligosaccharide side chain. A similar alteration could 
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a lso occur in procollagen peptidase t hus expla ining its inactiv-
ity, in contractile cytoskeletal proteins, and/or in membrane 
glycoproteins, resulting in a defective interaction of t h e cells 
with their surrounding matrix. Additional work is required to 
test th is hypothesis. 
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Experimental Dermatophytosis: The Clinical and Histopathologic 
Features of a Mouse Model Using Trichophyton quinckeanum (Mouse 
Favus) 
RODERICK J. HAY, D .M., M .R.C.P., RAQUEL A. CALDERON, PH.D., AND MICHAEL J. COLLINS 
Department of Medical Microbiology, London School of Hygiene and Tropical Medicine, London, U.K. 
We have established a reproducible mouse model of 
dermatophytosis using Trichophyton quinckeanum. 
There was considerable· variation in the pathogenic po-
tential among 10 different strains ofT. mentagrophytes 
or T. quinckeanum; susceptibility to the infection varied 
with the inbred strain of mouse used, with BALB/c or 
BALB/K mice proving to be the most susceptible. The 
primary infection was characterized by the development 
of a scutulum or crust consisting of large quantities of 
dermatophyte mycelium, dense infiltration with neutro-
phils,_ but minimal epidermal proliferation. By contrast, 
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a secondary infection initiated 30 days after the primary 
infection showed different features with early and al-
most total elimination of fungal elements, a predomi-
nantly mononuclear cell response, and epidermal prolif-
eration. If the secondary infection was given at the peak 
of the primary illness (day 7), there was a mononuclear 
cell response with epidermal proliferation but fungal 
mycelium was prominent and not quickly eliminated. 
The value of this model in investigating the kinetics of 
the immune response to experimental derm.atophytosis 
is discussed. 
Resistance to infection by dermatophyte fungi develops dur-
ing t he course of t he primary illness a nd has been correlated in 
both animals [1] a nd humans [2] with the appearance of 
delayed-type hypersensitivity and T -lymphocyte activation. 
Conversely, t he existence ofT -lymphocyte hyporeact ivity is an 
important factor in pers istent infections although the species 
of invading organism and the s ite of infection may a lso affect 
